Introduction to Drug Development
Matzuk's father, Alexander, was a senior research fellow for Merck and Company's research development division in Rahway, New Jersey. He helped develop many drugs, including the fungicide and parasiticide thiabendazole and the antiinflammatory drug indomethacin, which remain on the market today. Matzuk recalls a visit to his father's chemistry laboratory when he was five years old: "I remember being amazed by the stirring bar as it rotated on top of the magnetic stirrer."
His fascination with science extended into his college years as a biology student at the University of Chicago. There, 
Roles of Key Signaling Proteins
During his postdoctoral fellowship, Matzuk conducted research with Bradley and colleagues on the secreted protein inhibin, a member of the TGF-β superfamily. Using mouse embryonic stem cell technology, which was still in its infancy, Matzuk and his team demonstrated that inhibin was a gonadal tumor suppressor (1). The discovery marked the first known secreted tumor suppressor protein.
In three back-to-back papers in 1995 in Nature (2-4), Matzuk, Bradley, and colleagues elucidated the roles of activins, which are also TGF-β family members. Countering prior speculation about activin functions, the researchers showed that activins do not signal through activin receptors during mesoderm development, and that the activin-binding protein follistatin does not function in mammalian neural development. Instead, they determined that activin ligands affect craniofacial development of the embryo, and that activin receptor type 2 is the sole activin receptor for the regulation of pituitary follicle-stimulating hormone. When the researchers produced follistatin knockout mice, the rodents died as a consequence of defective skeletal muscle, foretelling future studies of a role of follistatin in antagonizing the signaling of myostatin, a TGF-β family protein that inhibits muscle growth.
A year later, when Matzuk was an associate professor at Baylor, he and his colleagues demonstrated that the oocyte-secreted protein growth/differentiation factor 9 (GDF9) could regulate somatic cell function (5) . "Before this publication, mammalian oocytes were thought to be merely passengers rather than drivers of ovarian development and early embryogenesis," Matzuk says. "In this paper, we showed that GDF9 is required for ovarian follicles to progress beyond the one-layer ovarian follicle stage. This publication is the first and only description of a knockout mouse model to have this phenotype." These papers on GDF9, activins, and inhibins marked Matzuk's early investigation of the TGF-β signaling pathway that is involved in many cellular processes affecting both the embryonic and adult stages of an organism. Matzuk and his colleagues have since published more than 160 papers concerning the TGF-β superfamily of proteins, describing their roles in development, reproduction, and physiology.
Genes in Infertility and Contraception
Matzuk's group has determined the function of genes with specific expression in the postnatal male and female germ lines. These genes include NOBOX, an oocyte gene required for the initial development of ovarian follicles (6); TEX14, a testis-expressed gene essential for intercellular bridges that connect male germ cells during spermatogenesis (7); the structural protein GASZ that is required for small RNA (piwiinteracting RNA) synthesis and male infertility (8); and many others.
Collaborating with cancer biologist James Bradner and structural biologist Stefan Knapp, Matzuk identified a compound, JQ1, that binds with the testis-specific bromodomain protein BRDT that is essential for fertility (9) . The researchers showed that JQ1 reduces sperm counts and motility to induce an infertile state in male mice without altering hormone levels or mating behavior. Matzuk says, "This is a good reason to get excited about low sperm counts." When male mice stopped taking the compound, their sperm counts and motility recovered, allowing them to sire healthy offspring. He explained that JQ1-like analogs in the future could lead to the first effective and nonhormonal birth control pill for men. For Matzuk's Inaugural Article, his team and that of Masahito Ikawa at Osaka University determined that 54 of the more than 1,000 testis-enriched genes in the mouse genome are not essential individually for male mouse fertility (10) . The researchers made this determination using Knockout Mouse Project (KOMP) resources and gene editing techniques. Because CRISPR/Cas9 has made it faster and easier to produce knockout mice, Matzuk, Ikawa, and their teams suggest that determining whether or not a gene is essential for male fertility should be tested first in a living organism before significant effort is spent to analyze a gene's molecular function in vitro.
Building a Center for Drug Discovery
Matzuk, a recipient of awards from the Endocrine Society, Pfizer, and the National Institutes of Health among others, received the 2015 Society for the Study of Reproduction Trainee Mentoring Award in recognition of the professional guidance he has given to his over 50 PhD students, postdoctoral fellows, and medical fellows. His leadership skills are now also being applied to his role as director of the Baylor College of Medicine's Center for Drug Discovery.
Since accepting the position in 2012, he has forged a team at the center that collaborates with over 100 principal investigators. The team, which has more than 25 faculty and staff members, continues to grow. Matzuk says, "The vision of the center is to bridge the gap between academic research and pharmaceutical discovery and provide researchers with an economically viable entry into early-stage drug discovery, as well as enabling the study and validation of protein targets and disease mechanisms."
